The concept of ocean disposal site is proven technology. One of the most concerns in ocean disposal site is the leakage of pollutants into the ocean from waste materials. In order to prevent its happening, technically, a vertical impermeable wall is constructed around the disposal site. However, the conventional method fails to guarantee zero leakage due to method's limitation. This paper presents the use of CCC (chain conveyor cutter) method to construct vertical impermeable wall. The feasibility of CCC for ocean disposal site is evaluated by means of pollutant dispersion model, and moreover, the result is compared with conventional method. The result indicates that the CCC method is technically feasible for ocean disposal site's construction. Additionally, this method shows better as for technique and economic point of view than that of the conventional method. One of advantage of CCC method is the ability to construct homogeneous wall in regard to strength and permeability, which cannot be found in the conventional ocean disposal technology.
Introduction
Ocean disposal sites may be able to give a good solution for a country likes Japan which has limited space for landfill. Ocean disposal is proven technology although still need improvement, particularly pertaining to issues related with leakage of pollutants from disposal to the ocean. The leakage usually is prevented by constructing a vertical impermeable wall around the disposal site. However, conventional method faces difficulty to create homogenous wall in regards to impermeability and strength which the wall may fracture easily over time. The inhomogeneous wall is created due to conventional method's limitation. The conventional method creates the wall by excavating the soil horizontally. Accordingly this method is unable to mix the cut soil vertically. It may induce weak strata and irregular impermeability on the wall. When a continuous pressure acts on these weak  and/or uniform impermeability's areas of the wall, Corresponding author: Hideki Shimada, professor, research fields: rock engineering, mining machinery, solid resources mining.
wall will leaky and pollutant release into the ocean accordingly.
From this point of view, the CCC (chain conveyor cutter) method, which has been developed for soft-ground stabilization technology, is considered to be applied to ocean disposal site's construction. This paper presents a feasibility study of CCC for ocean disposal site construction by comparing the performance of CCC method and another conventional method through the simulation of the spread of contaminants from the waste storage area with two-dimensional advection-dispersion program, namely Dtransu-2D. CCC method, for the first time, is introduced by Mitsui Miike Coal Mine, Japan for constructing impermeable walls surrounding large settling ponds [1] . This method improves the soft ground by injecting a mixing soils and cementing materials into the ground vertically (Fig. 1 ).
Construction of Impermeable Wall by CCC
In January 2010, the CCC was adopted to the public works of restoring Miike Harbor in Omuta City, Japan [2] . As a part of the entire works, two settling ponds were constructed for receiving dredged materials and the CCC took part in constructing impermeable walls of those settling ponds for preventing the contaminated water from flowing out, and from disturbing the environment of the surrounding area. The specifications of the first walls were 0.75 m in thickness, 7 to 8 m in depth, a total 1,128 m long and the total area was 8,470 m 2 . The requested hydraulic conductivity value of the wall was less than 1.0  10 -6 cm/sec. For ensuring the impermeability of the wall, soil samples were taken at the site and mix design tests were conducted. The obtained values were less than 2.0  10 -7 cm/sec which is five times less than the designated value [3] . Based on the test, the mix design was decided as follows:
◎Type of cement blast furnace cement; ◎Cement factor 150 kg/m 3 of soil in-situ;
◎Water/cement ratio 150%. The CCC started the wall works of the first settling pond on January 23, 2010 and finished spending 35 days. The core samples taken from the constructed wall showed good results as shown in Table 1 .
The hydraulic conductivity of the constructed wall is much less than designated value that was obtained from the mix design test. The productivity of the CCC was 250 m 2 /day and the cost of wall production was more than 20% cheaper than those using the conventional method. Fig. 2 shows the CCC working at the first site.
The second work was started in April 2010 and finished in July 2010 in Arao city where located southern of Omuta city [2] . The diaphragm wall surrounding 2nd pond of second construction of impermeable wall by CCC is given in Fig. 3 
Application of CCC Method to Construction of Ocean Disposal Sites
The performance of an impermeable wall to prevent the leakage of contaminants from the waste storage area is the most important parameter in ocean disposal sites. The vertical impermeable wall is usually constructed by the soil improvement; however, it is difficult to construct the wall using conventional method under the condition that the ground is hard. In order to construct the impermeable wall via soil improvement, the CCC method was developed, and it is highly expected to be applied to many cases such as ground improvement and the construction of impermeable walls. The CCC method utilizes a pile driver even if it is a chain saw type. In this method, the soft ground is strengthened by mixing the soils and cementing materials which are injected into the ground from the top of the chain through the agitation and the mixing process. The advantages of this method are described as follows:
(i) Vertically homogeneous ground is formed by mixing the soils and the cementing materials in a vertical direction.
(ii) Continuous wall of equal thickness is constructed by the CCC method since the cross-section of improved area becomes a rectangular cross-section due to the cross-sectional shape of the equipment.
(iii) Its versatility and high economic efficiency.
When an impermeable wall is constructed in ocean disposal sites, the CCC method is useful for the construction since it allows us to construct the wall which strength and permeability are homogeneous in a vertical direction [1] .
In the conventional method, an impermeable wall is constructed under the ground before the construction of the embankment, followed by the construction of an impermeable wall along the slope of the embankment as shown in Fig. 4a . Thus, caisson type, slope type, sheet pile type, and the combination of them in Fig. 4a have been introduced to the embankment in ocean disposal sites [4] . On the other hand, when the CCC method is applied to the construction of ocean disposal sites, an impermeable wall is constructed through the revetment and the ground after the construction of the revetment as shown in Fig. 4b . The difference in the structure of the impermeable wall in Figs. 4a and 4b may result in the change in performance of the impermeable wall. In order to apply the CCC method to the construction of the impermeable wall in ocean disposal sites, the performance of the impermeable wall constructed using CCC method, therefore, has to be compared with walls constructed using the conventional method. Fig. 5 shows a schematic view of the analysis model, and the input parameters are listed in Table 2 . The model was set at 50 m in height and 110 m in width, and the riprap revetment with a 10 m height was set between the ocean area and the waste storage area. The ground was set until 40 m depth, and the impermeable wall was embedded into the ground. Whereas the impermeable wall constructed using the CCC method was set as illustrated in Fig. 6 , the wall constructed by the conventional method was set along the slope of the embankment as shown in Fig. 4a . Additionally, the combination of the impermeable layer and an impermeable wall was set at the slope of the embankment in the disposal site constructed using the conventional method. The impermeable layer was composed of the protection mat, the impermeable sheets, and the backfilling materials as described in II until 2.5 m depth in the disposal sites constructed by the conventional method and the CCC method. The difference in hydraulic head between the ocean area and waste storage area was set at 1.0 m. The leakage of contaminants from the waste storage area was simulated for 50 years in the models. These input data was determined by reference to the past studies as summarized in Table 3 [4, 5] .
Analysis for Application of Construction of Ocean Disposal Sites

Analysis Model
Boundary Conditions
The boundary conditions of the analysis models are summarized in Table 4 . The flow rate was set at zero at the bottom, right and left side of the analysis models and the top edge of the impermeable wall. Total hydraulic head was set at 10 m at the top edge of the ocean area and at 11 m at the top edge of the waste storage area as a fixed boundary: the difference in hydraulic head was set at 1 m. The concentration of contaminants was fixed at 1 in each location of the waste storage area.
Evaluation Method
Some of the regulations in the environmental standard and the acceptable concentration of contaminants in ocean disposal sites are listed in Table 5 . The environmental standard referred to the regulation enacted by the Ministry of the Environment in Japan [6] , and the acceptable concentration referred to the Ordinance of Prime Minister's Office [7] . The concentrations in the environmental standard are one-tenth of the acceptable standard. Therefore, it was Table 2 Physical properties of the impermeable layer. considered that the contaminants leaked from the disposal site when the relative concentration of the contaminants in the ocean area became one-tenth of the fixed concentration in the waste storage area in this study.
Result and Discussion of Analysis for Application of Construction of Ocean Disposal Sites
Comparison of the Performance of an Impermeable Wall
The performance of an impermeable wall constructed using the CCC method was compared to that constructed using the conventional method in an ocean disposal site. Fig. 7 shows the concentration of contaminants after 50 years in the analysis models. The area with red color indicates higher concentration of contaminants. The contaminants spread across a wide area in the disposal site constructed using the conventional method in Fig. 7a , in comparison with that by the CCC method in Fig. 7b . More than 0.1 of the concentration of contaminants was observed in the ocean area in Fig. 7a . On the other hand, the leakage of contaminants was not observed in the ocean area after 50 years in Fig. 7b . Compared to the result in the disposal site constructed using the CCC method in Fig.  7b , the contaminants, additionally, spread widely along the impermeable wall under the waste storage area in the site constructed using the conventional method in Fig. 7a . Thus, the difference in the structure of the impermeable wall in the disposal site constructed using the conventional method and the CCC method affected the performance of the impermeable wall for the prevention of the leakage of contaminants from the waste storage area. It can be said that the impermeable wall constructed using the CCC method is appropriate for the prevention of the leakage of contaminants based on the results.
Considering to the spread of pollutants along the impermeable wall in Figs. 7a and 7b , the water flow near the wall has to be discussed to clarify the transfer of pollutants. Figs. 8a and 8b show the total hydraulic head in the analysis models, and the site constructed by the conventional method as shown in Fig. 8c . This area corresponded to the boundary of the waste storage area and the revetment in Fig. 8a , where the concentration gradient is high since the difference in the concentration of pollutants is highest between the areas. According to the Fick's laws of diffusion, the diffusive flux is proportionate to the concentration gradient [9] . Therefore, the spread of pollutions was accelerated by diffusion and advection due to the high hydraulic gradient and concentration gradient along the slope of the revetment in the site constructed using the conventional method. In the disposal site constructed using the CCC method in Fig. 8b , hydraulic gradient was high along the impermeable wall, while the concentration gradient was high at the boundary of the waste storage area and the revetment. Hence, the contaminants spread across a wide area in the site constructed using the conventional method due to the confluence of the areas along the slope of the revetment, where the concentration gradient and the hydraulic gradient were high. In the area under the disposal storage area, the distance of the equipotential lines is small near the impermeable wall in the site constructed using the conventional method compared to that constructed using the CCC method in Figs. 8a and 8b. It also caused an increase in flow rate near the impermeable wall owing to the increasing hydraulic gradient, resulting in the spread of pollutants in a wide area in Fig. 8a .
Considering to the difference in the structure of an impermeable wall affects the spread of pollutants as discussed in the previous section, it is considered that the distance between an impermeable layer and the waste storage area may also affect the spread. For that reason, the effect of the distance of an impermeable wall and the waste storage area on the spread of pollutants was discussed in the three models as shown in Fig. 9 : an impermeable wall was set at ocean side of the revetment in Fig. 9a , it was set at the center of the revetment in Fig. 9b , and it was set at the waste storage area side of the revetment in Fig. 9c . The location of the impermeable wall differed by 5 m in each model. In this case, the permeability of the impermeable wall was set at 1.0  10 -6 cm/sec and that of the ground was set at 1.0  10 -5 cm/sec in each location of the ground. The length of the embedded impermeable wall into the ground was set at 10 m from the bottom of the sea, and the thickness was set at 100 cm. The difference in total hydraulic head between the ocean area and the waste storage area was set at 1.0 m. The time for the pollutants to reach the ocean area under each condition is summarized in Table 6 . Fig.  10 shows the total hydraulic head with the equipotential lines in each model. The time decreased with the reduction of the distance between the permeable wall and the waste storage area as shown in Table 6 . The distance of the equipotential lines became, furthermore, smaller in the area under the waste storage area with the decrease of the distance in Fig. 10 . It shows that hydraulic gradient and flow rate were high near the impermeable wall under the waste storage area when the impermeable wall was constructed near the waste storage area. The increase in flow rate caused the leakage of pollutants from the waste storage area faster when the impermeable wall was constructed near the waste storage area. Therefore, the impermeable wall should be constructed on the ocean side for the prevention of the spread of pollutants.
Conclusions
Since the beginning of the development works of the CCC in 2002, the CCC demonstrated the advantage of its chain saw type mechanism in the field of constructing soil/cement mixed walls. The advantages of the CCC method include not only cost and the days spent for completing given works, but also the uniformity and quality of the constructed structure which is impossible for the existing conventional method. Moreover, the spread of pollutants from ocean disposal sites was simulated with Dtransu-2D, aiming at comparing the performance of the impermeable wall constructed using the CCC method and the conventional method. The result indicated that the leakage and the spread of pollutants were prevented in the disposal site where the impermeable wall was constructed using the CCC method compared to the wall constructed using the conventional method. Therefore, the CCC method is proven technology that feasible to be applied to the construction of an impermeable wall in ocean disposal sites, and moreover an effective method to prevent pollutant leakage into the ocean.
Additionally, considering to the pollutants reaches to the ocean area earlier with the decrease in the distance between the impermeable wall and the waste storage area due to the effect of the high flow rate near the impermeable wall, the distance between the impermeable wall and the waste storage area in ocean disposal sites should be larger in order to minimize the effect of water flow near the impermeable wall on the spread of pollutants from the waste storage area.
